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Fibre sources in high power devices have significant advantages over conventional 
gas and solid state lasers. However, for applications that require the so-called single-
frequency sources with narrow linewidths, the output power is low mainly because of 
the problem of the stimulated Brillouin scattering (SBS). 
A  model  that  accounts  for  the  SBS  in  dual-clad  fibre  lasers  and  amplifiers  is 
presented.  This was carried out in order to study the key parameters that affect the 
Brillouin threshold.  Furthermore, the model was extended to account for the effect 
that the fibre axial temperature distribution has on the SBS threshold. Numerical 
solutions  of  the  coupled  differential  equations  for  the  evolution  of  the  different 
beams  showed  a  good  agreement  between  the  simulated  data  and  reported 
experimental results.  In addition, the model was used to study the relation of the 
core radius, the fibre length, and the fibre background loss on the SBS threshold.  It 
was  demonstrated  that  an  adequate  fibre  structure  design  and  a  proper  thermal 
management of the fibre amplifier lead to the supression of SBS. 
Rare-earth doped fibre preforms with different compositions and geometries were 
fabricated  by  Modified  Chemical  Vapour  Deposition  technique  in  order  to 
characterise the effect of doping and fibre structure on the Brillouin frequency and 
linewidth.  Measurements using a microwave detection system for coherent detection 
of the anti-Stokes spontaneous Brillouin backscatter were performed on these fibres.  
The  results  showed  that  the  actual  Brillouin  gain,  linewidth  and  frequency  shift 
widely differ from the values for pure fused silica fibres. It was confirmed that the 
fibre  structure  and  composition  play  a  big  role  in  the  Brillouin  linewidth  and 
Brillouin frequency shift of the fibre.    
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Chapter 1 
 
1 Introduction 
 
 
1.1  Introduction and Research Objectives 
 
High-power devices such as high-power fibre-lasers (HPFL) and high-power fibre 
amplifiers  (HPFA)  have  attracted  much  interest  over  recent  years  due  to  their 
numerous  applications  in  various  fields  [1]-[6].  Fibre  sources  allow  for  simple 
thermal management, and offer single spatial mode, single polarization operation, 
and high efficiency, which are often difficult to achieve with conventional gas and 
solid state lasers. Recent reports of output powers over 1 kW from cladding-pumped 
ytterbium-doped (Yb
3+) fibre lasers (YDFLs) are impressive demonstrations of the 
power-scaling  potential  of  cladding-pumped  fibre  lasers  [6]-[10].  However,  these 
lasers  emit  broad  multi-frequency  lines.  For  applications  that  require  so-called 
single-frequency sources with narrow linewidths, of a few MHz or less, the output 
power on the other hand still remains significantly lower (a few hundreds of watts) 
mainly because of the problem of the stimulated Brillouin scattering (SBS). 
SBS is a nonlinear process that occurs in optical fibres at optical intensities much 
lower than those needed for other nonlinear processes to take place. SBS threshold is 
reduced  when  the  spectral  width  of  the  originating  signal  is  narrower  than  the 
Brillouin linewidth, typically, 20 – 100 MHz in silica-based optical fibre; hence for 
single-frequency  fibre-lasers  or  amplifiers  SBS  becomes  the  major  limitation  to 
achieving  higher  output  powers  [11].  Therefore,  the  comprehension  of  this  
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Chapter 2 
 
2 Literature Review and Theoretical 
Background 
 
 
2.1  Introduction 
 
 
This chapter outlines the theory behind high power fibre lasers and amplifiers with 
particular emphasis being given to the limitation that stimulated Brillouin scattering 
imposses on the output power.  A literature review highlights the main characteristics 
of these devices and the recent achievements regarding power increase.  Brillouin 
scattering and the factors that affect the frequency shift, gain, and linewidth of this 
non  linear  phenomenon  are  reviewed.  Finally,  a  description  of  the  Modified 
Chemical Vapour Deposition together with the solution doping technique used to 
manufacture the fibres used for this research is provided. 
 
2.2  High Power Fibre Lasers and Amplifiers 
 
2.2.1  Introduction 
High power fibre lasers and amplifiers are very attractive devices because of their 
numerous applications in various domains.   The fibre geometry in these devices 
grants a high surface to volume ratio and a beneficial waveguide effect [1]. The  
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Chapter 3 
 
3 Fibre Amplifier Analytical Model 
Including the Effect of SBS 
 
 
3.1  Introduction 
 
A model to describe the evolution of the different waves (pump, seeded signal, and 
different order Stokes powers) that propagate along the fibre amplifier under steady-
state conditions was implemented.  The model follows closely those by dos Santos 
Ferreira [1] and Brilliant [2]. It was considered that the rare-earth doped amplifier 
has been seeded with a narrow-line single-frequency signal at one end of the fibre, 
while the RE-ions were optically pumped through the other end of the fibre. The 
pump beam has a broad bandwidth so it does not cause any SBS. However, the signal 
linewidth is narrower than the Brillouin-gain spectrum, and can generate a Brillouin 
Stokes wave. This is also narrow-band, and can generate higher order Stokes waves. 
The amplifier can be modelled as a system of differential equations for the pump, 
signal, Stokes power, and population inversion. The technique used to solve the set 
of differential equations was the shooting method for two boundary value problems 
combined with a globally convergent Newton-Raphson algorithm.   
The model was used to simulate the propagation of the power waves along a fibre 
amplifier, accounting for the effect of SBS in a variety of fibre designs.  This was 
done in order to study the effect that the fibre physical characteristics, such as length,  
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Chapter 4 
 
4 Distributed Brillouin Gain Spectrum 
Measurements 
 
 
4.1  Introduction 
 
Fibre amplifiers have to be designed with the non-linear phenomena that may appear 
at the desired output power in mind.  In the case of narrow-linewidth fibre lasers and 
amplifiers, stimulated Brillouin scattering has to be considered even before the fibre 
structure and doping characteristics are decided.  The model presented in chapter 3 is 
very useful when designing fibre amplifiers since the effect of the fibre geometry and 
composition on the amplifier performance can be obtained.  However, in order to 
produce results closer to reality, the model requires input values of actual Brillouin 
scattering  characteristics  for  the fibre  such  as  the  Brillouin  gain  or  the  Brillouin 
frequency shift.  This chapter presents a measuring technique to obtain the Brillouin 
gain spectrum of fibres with different dopants and structures.  
 
4.2  Measurement system 
 
The  measurement  technique  was  a  microwave  detection  system  for  coherent 
detection  of  the  anti-Stokes  spontaneous  Brillouin  backscatter  developed  by  Dr.  
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Chapter 5 
 
5 Conclusions 
 
 
5.1  Summary and Conclusions 
 
This thesis has presented theoretical and experimental research on how to minimize 
the  amount  of  stimulated  Brillouin  scattering  in  high  power  fibre  lasers  and 
amplifiers. The research focuses on the effect a temperature distribution along the 
fibre  and  the  fibre  structure  and  fibre  doping  characteristics  have  on  the  SBS 
threshold. 
A mathematical model for the pump, seed, and multiple order Stokes waves in a 
narrow-line  single  frequency  double-clad  fibre  amplifier  was  implemented  using 
MATLAB
®.    The  model  was  used  to  identify  the  key  parameters  of  the  fibre 
structure that affect the SBS threshold.  The effect that the fibre length, core size, and 
doping concentration have on the amount of SBS and on the amplifier output power 
was quantified.  It was shown that efficient fibre amplifiers with an output power 
limited by the available pump power and not by the amount of SBS can be achieved 
by  optimizing  the  pump  absorption  length  through  the  manipulation  of  the  fibre 
length and doping concentration. Furthermore, the model verified that a high doping 
concentration  can  limit  the  presence  of  SBS  and  the  length  can  be  adjusted 
accordingly  to  produce  ‘SBS  free’  output  powers.      The  numerical  simulations 
showed that above a certain value of background loss, the SBS does not affect the 
amplifier performance at all, and the optimum length of the amplifier decreases as  
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